It is well established that solid tumour growth in vitro depends strongly on angiogenesis and several angiogenesis factors have been isolated and purified (for review see D'Amore & Thompson, 1987; Folkman & Klagsbrun, 1987) . It has been shown that tumour growth stopped at a small size of 1-2 mm3, but resumed rapid growth when vascularisation was permitted (Gimbrone et al., 1974) . According to Tannock (1968) tumour cells surround capillary blood vessels in a cylindrical configuration exhibiting decreasing DNA synthesis with increasing distance from the capillary. These three-dimensional growth characteristics of tumour cells can be simulated in vitro by multicellular spheroid culture. Multicellular spheroids exhibit similar growth characteristics and irradiation sensitivity in tissue culture as tumours in vivo (for review see Sutherland, 1988) . Therefore, the question has been addressed as to whether this tissue culture model is suitable for the study of the production of angiogenic factors by tumour cells.
For this purpose human colon carcinoma cells (HT29, ATCC HTB38) were tested, which had been cultivated as monolayers in T75 flasks or as spheroids in spinner flasks, according to Carlsson & Yuhas (1984) , as well as Sutherland & Durand (1984) . The culture medium was Ham's F12 with 10% fetal bovine serum supplemented with L-glutamine (2 mM), penicillin (100 U ml-'), and streptomycin (100 tg 1-') (Flow Laboratories, Bonn, FRG To obtain information about the mitogenic activity of the conditioned media, 'H-thymidine incorporation (spec. activity 20 Ci mmol-', NEN) was measured after incubation of endothelial cells in labelled (4 gCi ml-') conditioned medium. Thereafter, free nucleosides were removed in 5% trichloroacetic acid and cells of each well in the 24-multiplates were digested separately in 0.5 N NaOH. Blanks were obtained by DNase digestion of the labelled cells
(1 mg ml-') for 30 min and substracted from all indicated values. 3H-thymidine incorporation was determined in a scintillation counter (Beckmann). To purify released proteins 25 ml of medium, in which HT29 cells had been cultivated without serum for 2 days in monolayer or spheroid culture, was directly loaded onto a MonoQ HR5/5 column (Pharmacia/LKB, Uppsala, Sweden). Fractions of I ml were collected after a linear gradient from 0 to 560mM NaCl in 20mM Tris/HCl, pH 7.4, had been applied. The gradient was run for 60 min at 0.5 ml min-'. Proteins were detected by running a SDS-polyacrylamide gel (15%) with 701 A aliquots according to Laemmli (1970) .
Percentage values of 3H-thymidine incorporation were compared and the statistical significance of differences assessed using t-test for unpaired data with free variance. Differences were considered significant at a level of P<0.01. Each well of the 24-multiplates was considered as one measurement.
To assess the efficacy of the mitogen released from HT29 cells in monolayer or spheroid culture, the following three parameters were measured: (I) 3H-thymidine incorporation into endothelial cells using Ham's F12 medium (control); (2) 3H-thymidine incorporation into endothelial cells in response to tumour cell-monolayer conditioned Ham's F12 medium and (3) 3H-thymidine incorporation in response to tumour cell-spheroid conditioned Ham's F12 medium. Table I gives a survey of the mitogenic effects. HT29 cells in spheroid culture released a significantly higher endothelial cell mitogenic activity than in monolayer culture. Monolayer conditioned medium has a significantly higher mitogenic activity than control. Figure 1 demonstrates the effect of different oxygen concentrations on the efficacy of HT29 cells to release endothelial cell mitogenic activity in monolayer as well as spheroid culture. 3H-thymidine incorporation values obtained using Ham's F12 medium were taken as 100% and monolayer-conditioned medium values as well as spheroidconditioned values were expressed as percentage of the Ham's F12 medium values. The higher mitrogenic activity of the spheroid-conditioned medium, already described in Table  I , was also observed under 10% 02, 15% 02, and 20% 02 conditions, whereas under 0% 02 the monolayer-conditioned medium possessed a significantly higher endothelial cell mitogenic activity than the spheroid-conditioned medium. In Figure 2 an SDS-polyacrylamide gel is shown, on which aliquots of the fractions containing the major secreted protein had been loaded. The protein migrated at an apparent molecular weight of 55,000 dalton and was enriched in fraction 17. This fraction could be found in monolayer-as well as in spheroid-conditioned medium either under normoxic or hypoxic conditions. The best characterised angiogenic factors are the heparin binding endothelial cell growth factors with the two prototypes, acidic and basic fibroblast growth factor (Folkman & Klagsbrun, 1987) . Shapiro et al. (1986) described a secretion product of HT29 cells, which has angiogenic activity, as a non-heparin binding 16,000 dalton protein and named it angiogenin. Further experiments have to be carried out for more detailed characterisation of the endothelial cell mitogen activity in our experiments to relate it to known angiogenic factors in the literature. At the moment, we have no indications whether the 55,000 dalton protein in Figure 2 represents the endothelial cell mitogen active in our experiments.
However, it was interesting to observe that the degree of endothelial cell mitogen release can be influenced by culturing cells in monolayer or spheroid culture. This is in accordance with observations that three-dimensional cell growth leads to a enhanced differentiation of cells (Sutherland, 1988) . The lower efficacy of mitogen release in monolayer culture was, however, reversed under hypoxia (Figure 1 ) which hints of a metabolic aspect for explaining the different capabilities of cells in monolayer or spheroid culture to release a mitogen. A higher release under hypoxia is in accordance with findings of Knighton et al. (1983) showing that the release of an angiogenic factor from macrophages was modulated by oxygen tension peaking at 2% 02-These experiments have shown that the spheroid model can be used to study the release of endothelial cell mitogens from tumour cells under different physiological conditions in vitro and probably for detection and characterisation of previously unknown angiogenic factors or endothelial cell mitogens.
